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A bstract
Bas ed o nthe physicalpro c es s ofinter a ctio n ofs olar r adiation withthe s u rfa c e a ndthe
atm o spher e, a n ew m odel ofo nbidire ctio nalre鮎ctan c e s urfa c …tm ospheric co upled
radiatio nisde v eloped. In this m odel, the c o ntdbutio r1 0f thebidir e ctio n alr e8e cta n c e
s u rfac etothe upw ellingr adiance a:I thetop of the atm o sphereisde c o mpos eda sthe s u m
ofthre eter ms(o rphysicallytw oter m). Thefir st tw oter mis r adiatio nco ntributio n oftotal
(dirre ct＋ difRISSion)radiatio na rrived at s u rfa c e, first r ene cted bythe su rfa c eand
.
the n
dire ctlytr an s mittedtothe s ens o r. ; whilethethirdtermis r adiatio ncontributio n ofthetotal
r adiation a rrived at s urfa c e, 血st refle cted bythe surface a ndthe ndiffusedto the s e n s o r.
Assho w nin nu m ericalsim uhtio n, this m odel isbetterthanthe 6S m odel, The standard
e rror am ong 11 011 2s ets of upw ardr adia n c edata calculated by this m odel is 0.49 %,
whichis abo ut o n efourth of the o n eby 6 S･ In the c onditio n ofthe s olar zcnlth a ngle
8s≦75
o
andthe vie wlng angleOv≦60o, the e rr o rby the n e w m odelis usuallysmalle rtha n
2.5 %.
1. Intr odⅦ ction
A e 鼠 Ct anda v ailable m odelo nbidire ctio nalrene ctance s urfac e- atm o spheric co upled
r adia･tio nisimpo rta ntfo r spa c ebo r n ere m ote se n slng Ofthe surfa ce a ndthe atm ospheric
ae r os olpa r am ete r and so on , Spa c ebo mc r em ote m e asurem e Ⅱt ofEarth
'
s futur e s such a s
the s u rfa c e refle ctanc e
,
v egetation index,
`
agn c ultural a m o unt is affected by the
surfa c e- atm o spheric radiativeintera ctio n. T her efore, a s oIC alled a:tm o spheric c o rre ctio n
u slng theinteractio n m odelis n ededtolimit this effe ct, whichis o ne ofkeytechniqu e s
for qu antitativ e applic atio n ofspacebo rn erem ote･se n sing. Fo ra L ambe rtian surfac e, the
upw ard radia n c e c a nbe explicitly e xpr e s ed asa fun ction ofsurfac erefle ctanc e. But the
e rr o re sulting Ron the La mbertia n a ss umpt10 n C an be large fo rthe bidirectio n al
re凸e cta n ce. The r efore
,
re c e ntly s o m e e氏)rts have been dev oted to dev elopi ng the
bidire ctionalrene ctan c e surfa c e- a:tm o sphe ric co upled radiatio n model. T he 6Sm odel
(Ve rm ote et al, 1997)is one ofm ostfam ou s m odels. In the m odel, the c o ntri bution ofthe
ta rget to the signalat thetop ofthe a:tm o sphereisdec o mpo s ed as the su m of fo ur term s.
The radiance calc ulated by6Sc a nbe evide ntly u nde r e stim ed whe nthe s ola rze nith angle
islarge r(qiu, 2001). Ba sed o nthephysic alunderstandi喝 Ofr adiatio ninte ractio nbetw e n
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the atm o spher e and surfa c e, this paper de v elops a m ore e EaCtbidire ctio nalreflectan c e
s u rfa c e- atm o sphe ric c oupledr adiatio n m odel
-
2. Surfac e- atm osphe ric CoupledRadiation Model
hthepres ezlt m odel, the radiatio n r enectan ce atthetop ofthe atm ospher e, 伽 ,isdec o mpos ed as
die Sll m Of threeter m s
,･1.e .
PTOA(r,FEs,FLY ,QB - 礼)= ppdぬ ＋ p(
1)
＋ p
(2)
＋ p
(3)
, (1)
p
(1)
= exp(- T/JJv.
- T/FLs)ps(FLs,fly,¢H -4v), (2)
p
(2)
= e xp(- T/FLY)id(FLs)p/(1 -Sp), (3)
p(FEs ,JJv ,少)
]o
2E
J.
1
pL
I
poLb(r, P” ”,少
′
)ps(FE,FLU 4
'
- 少)djd少
′
lo
2n
Jo
I
FL
＋
,d肋(T, P” ”,4
'
)djd¢
′
p = p(JLs,FEv ,Q),
(4)
(5)
h Eqs.1
-5jhdlisthepath refle cta n c ewithoutbeingr efle cted bythe s urfa c e;EIv andLLs ar e
c o sin e? of viewing and s olar ze nith angle s;4)isthe azim uth angle; Sis the spherical
atm o sphe ric refle ctan c eintegr ated o v erboth zepith and azim uth dire ctions, JA is the
s u rfa c eplX elr efle cta n c e;tdi岳the di 軌setr a n s mis sio n ofthe atm o sphere; Tisthe total
optical depth; L
I
po也 is the do w n w ard path r adiance. First tern p
(1)
,
repr e s eds the
r adiatio ndire ctlytran s mitted 舟o mthe Sun to the s urfa c e, a ndthen directlyr efle cted back
to the spac ebo rne s ens or . The se cond te rm , p
(2)
,
is the radiation s c atter ed by the
atm o sphere, then refle cted bythe s urfa c e andtransmittedto the s en so r･ T he refore,thefirst
tw ote m s ar e r adiatio n c orltibut
■
io n oftotal(dirr e ct＋ difRIS Sio n)radiation arrived at
s urfac e
,
firstr eflected bythe s urfa ce a ndthe ndir e ctlytran s mittedto the se n s or. T he third
te rm, p
(3)
,
1S r adiation contribution ofthe totalradiatio narrived at su rfa c e, first refle cted
bythe surfac e a ndthe ndi缶IS edto the s e n s o r. Thethirdter m m u st m e etfollowing flux
equ a.tion:
F
uTOA(FL8 ,Ps)= FRF A T,,(FLs)＋ F(
1)
＋ F(2) 十F(3)
, (6)
wher eFuTUL4a nd
JF.JBATEar ethe e xact upw ard flux forthe reflectanc e/も andthe palh臥1X,
respe ctiv ely･ flere i
(1)
, i
(2)
andF(
3)
are thre eflu x c o mpo n ents, c orr e sponding withthre e
radia n c e c o mpo n e rltS aS Show nin Eq.1, r e spe ctiv ely. T he nthethirdterm isderived, by
usingEq.6.
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3. NtL m e ric al Sim ulation Tests
Co n sideringthat the Gaus s-Seidel iter ative algorithm (He r man and Br ow ning, 1965;
Qiu, 2001)is a v ailable fo r u s u aly bidire ctio nals u rface, this paper u s e sit to solve
radia･tivetransfer equ atio n･ In ordertoimpr ove a cura cy, Gaus sia nintegratio n over” with
120quadra･tic po l ntS, Sinps o nintegra･tio n overq) with a step of 5
o
,
a ndthe optical depth
step of0.005ar etake n. T he radia n c eis rega rded a sthe
"
tr u e
''
radia n c ein the e rr o r
analyst slater,
The s emie mpiric al re瓜e cta n c e m odelpre se nted by Rahm an etal(1993)is us ed in the
prese nt sim ulatio n s･ Fourkinds ofs u rfa c eB R D Far e s ele cted, whichar e s oybea n, plo w ed
field
,
hardwhe at andlaw n.
Figs1 , 2 a nd3 c o mpar epe r c e nt relative r adia nc e e rr o rsby6S andthepre s e nt Ne w
M odel(N - M)whe nOs= Oo, 60o and75O, re spe ctiv ely. Her eotherinput-par a m eters ar e :the
hardwhe at cover
,
theinfrared cha n n el,theJunge-type ae r o sola ndて- 0.3,
Fo rthe ca s e of Os- O
o
a ssho w ninFig･1,both6SandN - M ha v e ave ry gooda c cur acy,
and their m axim u m er ro r s are3.7 %and1.5 %
,
standarderro rs ar e0,00 42% and0.00 65 %
,
re spe ctively, whenOvis withinj=60
O
･ In a naverage s e n s e, the a c c u r a cy ofN
I M is alittle
better･ But whe n 1 55o<ev<15
0
,
6Shas alittlebetter a c c ura cythan N - M .
Fo rtw o c as e s of Os= 600 and75o, a s show nin Fig･2 andFig･3, the upw a rdradiance
s olutio nby6 Sis syste m aticallyu nder estim ated asOvis within ±60
o
.
The m axim u m err or
is617% ･ But the maxim u m e rr orbyN - Mis o nly1･7%･ N- Mis evide ntlybetterthan6S,
By sele ctlngthe fou rs urfa c e s ofs oybe an, plo w edfield, hard wheat andla.w n, atotal
110112s ets ofc o mparativ e r adian cedata ar efurther sim ulated. The r e s ults sho wthatthe
standarde ro ra m ongthe allr adianc edata c alculated bythis new m odelis0.49% , whichis
abo uto n efourth ofthe o n eby6S. In the c o ndition ofthe solar ze nith a ngleOs≦75o and the
vie wing angleOv≦60
o
,
the errorbythepres erlt m odelis u s uallys叩1lerthan2.5% .
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